In this paper, we revisit the link between currency misalignments and economic growth by taking into account the foreign currency-denominated debt dynamics (except French Franc and euro) for the CFA zone countries over the period 1985-2011. Relying on a BEER approach and using panel cointegration techniques, we first derive currency misalignments. We then estimate a panel smooth transition growth equation that allows us to observe nonlinear impacts of misalignments on both economic growth and foreign currency-denominated debt dynamics. We find that the nonlinear impact of currency misalignments on growth through the competitiveness channel is mitigated by the foreign currency-denominated debt dynamics through a valuation effect.
Introduction
A relatively abundant literature has highlighted the importance of assessing equilibrium exchange rates in order to limit, or even eliminate, the adverse impact that real exchange rate's misalignments (defined as the difference between the observed real exchange rate and its equilibrium value) may have on economies.
If until now there is no consensus in the determination of equilibrium real exchange rates (see Edwards and Savastano, 2000; Driver and Westaway, 2004) , many studies, during these last few years, have sought to link currency misalignments to economic growth (Aguirre and Calderón, 2005; Gala and Lucinda, 2006; Béreau et al., 2009; MacDonald and Vieira, 2010; among others) . Recent empirical studies agree that undervalued currencies usually exert a positive effect on growth. In particular, Elbadawi et al. (2009) , LevyYeyati and Sturzenegger (2007) , Rodrik (2009) , Korinek and Servén (2010) state that this positive impact is channeled through respectively an increase in exports, an expansion of savings, of capital accumulation, and of investment as well as through learning-by-doing externalities in the tradables sector.
However, the generalization of these results may be questionable as impacts exerted by currency misalignments on growth have not been totally explored. In particular, very little research exists on the link between misalignments and the foreign currency-denominated debt. Indeed if a currency overvaluation can cause a competitive disadvantage, it can also reduce the external debt denominated in foreign currency. This issue is particularly accurate for the CFA zone countries. On one hand, their competitiveness depends on the variations of their anchor currency vis-à-vis third currencies; on the other hand, their revenue coming from their exports dominated by primary products incited them to be indebted in US dollars. Then, for the CFA zone countries, it can be expected that currency misalignments could impact economic growth through two antagonistic effects. For example, in case of a real overvaluation, the deterioration of their competitiveness could inhibit their growth while the decrease of their foreign currency-denominated debt (except French Franc and euro), through valuation effects, could inversely benefit to their growth.
Thus, a crucial issue for these countries is to analyze how currency misalignments may be transmitted to growth not only through the competitiveness channel, but also through the channel of valuation effects. This is the purpose of this paper.
Accordingly, we implement a methodological approach in two steps. The first step consists in determining the equilibrium exchange rates of the CFA zone countries in order to derive their currency misalignments. To do so, we adopt the Behavioral Equilibrium Exchange Rate (BEER) approach (Clark and MacDonald, 1998) and use panel data econometric techniques (panel unit root tests and panel cointegration) for the determination of equilibrium exchange rates. The second step consists in estimating a growth equation which allows us to take into account the two transmission channels of misalignments to growth mentioned above. Given that competitiveness and valuation effects crucially depend on whether the real exchange rate is over or undervalued, we rely on a Panel Smooth Transition Regression (PSTR) model (González et al., 2005) in order to take into account those potential nonlinear impacts that currency misalignments may exert on growth.
Considering a panel of twelve CFA zone countries over the 1985-2011 period, our results show that currency misalignments exert a nonlinear impact on growth dynamics through two conflicting effects: a competitiveness effect and a valuation effect. More precisely, we evidence that a real undervaluation tends to boost growth through gain in competitiveness but also tends to hamper it through an increase in the foreign currency-denominated debt.
The rest of the paper is organized as follows. Section 2 is devoted to a review of literature on the linkage between growth, currency misalignments and debt dynamics. In Section 3, we present the econometrical framework. In Section 4, we present the data and discuss the results on the relationship between currency misalignments, debt and economic growth. Finally, Section 5 concludes.
2 Currency misalignments, debt and economic growth: a review of literature
Currency misalignments and growth
For developing countries and especially for sub-Saharan African (SSA) countries, the issue of currency misalignments is central to their growth process. Because of institu-tional weaknesses and market failures, currency misalignments may be persistent and may then cause important economic disturbances. So, it is not surprising that a considerable number of empirical works has pointed out a negative link between misalignments and economic growth in those countries. Cavallo et al. (1990) studied the relation between real exchange rate behaviour and economic performance over a sample of less developed countries. Using two measures of misalignments (a PPP-based index and a regression-based index 1 ), they highlighted the negative link between GDP growth and real exchange rate's instabilities (volatility and misalignment). Following Cavallo et al. (1990) , Ghura and Grennes (1991) also investigated the relationship between indicators of macroeconomic performance and real exchange rate misalignments in sub-Saharan countries over the period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] . Their empirical results pointed out a negative link between misalignments and economic growth.
According to these authors, better economic performances are usually linked to lower levels of real exchange rate misalignments.
Beyond the size of misalignments, several studies have pointed the specific adverse impact exerted by overvaluations on growth. Klau (1998) emphasized that one of the main causes of poor economic performance in the CFA zone from the mid-1980s to early 1990s, was the CFA Franc overvaluation during that period. It is in this context of important economic imbalances that the CFA devaluation occurred in 1994. This result has been reinforced by recent studies. Gala and Lucinda (2006) and Toulaboe (2006) have offered more robust evidence of the negative link between GDP growth and overvaluations by using panel data approach. More recently, Elbadawi et al. (2009) up to 12% enhances growth, whereas an overvaluation tends to hamper it. Several studies based on regime switching models have also found a positive and significant link between undervaluation and growth, while an overvaluation above an estimated threshold negatively affects economic growth (see for instance, Béreau et al., 2009; Aflouk and Mazier, 2013; Couharde and Sallenave, 2013) . These results clearly highlight the asymmetrical behaviour of over-and undervaluation. First, the wider the currency misalignment, the more negative the impact on growth is. In particular, large undervaluations seem to hamper growth dynamics while small to moderate undervaluations enhance it. Second, the impact of currency misalignments depends on their sign: a real overvaluation generally exerts a negative impact on growth while the effect of a real undervaluation is found to be positive.
The issue of transmission channels
Beyond the question of the effects of currency misalignments on growth, the issue of transmission channels at stake is also a fundamental one. However, as underlined by Gala (2008) , theoretical analyses of those transmission channels through which real exchange rate levels could affect economic growth are very scarce. Rodrik (2008) argues that the relevant channel operates through the size of the tradable sector. Undervaluation has a positive effect on the relative size of the tradable sector, and especially of industrial economic activities which in turn may boost growth.
For Elbadawi et al. (2009) , the main channel operates through export diversification and sophistication. An overvalued real exchange rate damages the manufacturing base, leads to more export concentration, and undermines the development of more sophisticated products. Gala (2008) also supports the idea that undervaluations encourage exports.
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However, according to him, two important channels through which exchange rates levels affect growth are related to investment and technological change. A relatively undervalued currency should lead to lower real wage levels and higher profit margins and then contribute to more employment and investment by increasing capacity utilization. Also, a competitive exchange rate would help developing countries to climb the technological ladder. Gluzmann et al. (2011) suggest that undervaluation fosters growth by the channel of savings and investment rather than foreign trade dynamics: an undervalued exchange rate tends to increase the domestic saving rate and a higher saving rate in turn stimulates growth by increasing the rate of capital accumulation. However, Montiel and Servén (2008) do not support this conclusion. Drawing from standard analytical models, stylized facts on saving and real exchange rates, and existing empirical research on saving determinants, they assess the link between the real exchange rate and saving. Their main conclusion is that saving is unlikely to provide the mechanism through which the real exchange rate affects growth.
Both channels mentioned above are so far the two dominant views in the literature.
But, as Montiel and Servén (2008) emphasized, the literature addressing the issue of the channel through which the real exchange rate impacts growth is in its infancy, and there is no consensus on the precise channels through which effects are generated.
Another channel, less investigated, is the impact of currency misalignments on the foreign currency-denominated debt and more particularly on the burden of these debts.
Indeed, a high level of foreign currency-denominated debt can hamper growth, in particular in developing countries, through balance sheets effects (Calvo and Reinhart, 2001; Céspedes et al. 2004) . The underlying mechanism is the following: a domestic currency depreciation considerably increases foreign currency-denominated debt burdens, leading thus to a decrease in firms production mainly because of corporate financial distress, absence of trade credit and increasing costs of imported inputs, goods. These balance sheet effects also weaken the balance sheets of banks and the government's fiscal position.
On the other hand, an appreciation reduces the foreign currency-denominated debt and improves the ability to borrow in foreign currency. There is then a trade-off between competitiveness and balance sheet effects and, as argued by Craigwell et al. (2010) and Gnangnon (2012) , the total effect will depend on the effectiveness of the depreciation: an exchange rate depreciation will lead to a decline of the external debt stock if the induced rise in export earnings of this depreciation is sufficiently enough to service the external debt. This problem of balance sheets effects is common to developing countries and the main reason can be found in the "original sin" according to which developing countries generally cannot borrow in their own currency (Eichengreen and Hausmann, 1999 (2002) and Goldstein and Turner (2004) , the ability to borrow abroad in domestic currency, depends not only on financial markets development but also on the credibility of national macroeconomic policies (apprehended mainly by low inflation) and on institutional factors which are usually weak in SSA countries. Therefore, for all those reasons, those countries are usually exposed to the "original sin".
Until now, the way through which these effects could happen for the CFA zone countries has not been studied. One the one hand, the CFA countries benefit from credibility that is conventionally associated to their irrevocable commitment to a fixed exchange-rate regime and guaranteed convertibility of their currency and that allows them to borrow on financial markets. As displayed in Tables In particular, since 2003 with the appreciation of the euro, the issue of the interactions between the misalignment of the CFA Franc and the evolution of the anchor currency has been highlighted in several studies. Coudert et al. (2011) note that, for the CFA zone, the evolution of the anchor currency has impacted the level of misalignments, and that the CFA Franc has tended to be overvalued in periods when the euro was strong.
Gnansounou and Verdier-Chouchane (2012) also evidence that the misalignment curve of the CFA Franc is closely linked to that of the euro / dollar exchange rate (except when prices of major commodities exported by each country increase). Gnimassoun (2012) who empirically studied the effect of the peg (more specifically the effects of the anchor currency misalignments within the CFA zone) found that a 1% nominal overvaluation of the French Franc (resp. euro) results in an overvaluation of the CFA Franc between 1.2% and 1.5% (resp. 0.69%). As a result, due to their exchange rate regime, the CFA countries could be confronted with two contradictory effects stemming from currency misalignments. They should reap a competitive advantage but also register an increase in their foreign currency-denominated debt in periods when their currency tends to be undervalued. Conversely, with real exchange rates overvalued, they could record a loss of competitiveness while benefiting from a decrease in their foreign currency-denominated debt. The nexus between currency misalignments and growth is then not straightforward and should be clarified by taking account those two transmission channels.
Econometrical framework
Relying on a BEER approach and using panel cointegration techniques, we first derive currency misalignments. We then estimate a panel smooth transition growth equation that allows us to observe nonlinear impacts of misalignments on both economic growth and foreign currency-denominated debt dynamics. 
Derivation of real exchange rate misalignments
To derive our misalignments series, we rely on the BEER (Behavioral Equilibrium Exchange Rate) approach (Clark and MacDonald, 1998) . 6 The BEER approach is based on the estimation of a long-run relationship between the observed real effective exchange rate and a set of fundamentals. This estimated long-run relationship is assumed to give an assessment of the equilibrium exchange rate. We follow the existing literature on the determination of equilibrium exchange rate in developing countries and more specifically in the CFA zone (see Abdih and Tsangarides, 2006; Roudet et al., 2007; Elbadawi et al., 2009; Couharde et al., 2011; among others) and consider the following determinants of the real 5 Guinea-Bissau and Equatorial Guinea have been excluded from the panel. Guinea Bissau belongs to the CFA zone over the past few years. Given problems of data availability, it has not been possible to include Equatorial Guinea.
6 For extensive surveys on the BEER and related concepts (such as PPP, CHEER, FEER, DEER, PEER, NATREX) we refer to MacDonald (2000), Edwards and Savastano (2000) , and Driver and Westaway (2005) . effective exchange rate: productivity differential (rprod ), terms of trade (tot), government consumption (gov ), openness (open) and the net foreign assets (nfa).
7 We expect a positive relationship between the real effective exchange rate and these fundamentals.
Indeed, an increase in the productivity differential, in government consumption and in openness as well as an improvement in the net foreign asset and the terms of trade are expected to induce an appreciation of the real effective exchange rate.
Our long-run relationship is therefore specified as follows:
where i = 1, . . . , N and t = 1, . . . , T respectively indicate the individual and temporal dimensions. q i,t represents the real effective exchange rate; α i are the countries fixed effects and i,t is the error term.
We determine first the order of integration of each variable and then test the existence of a cointegration relationship by applying non-stationary panel methods. For this purpose, the coefficients of the long-run relationship are derived by using DOLS (Mark and Sul, 2003) and PMG (Pesaran et al., 1999) estimators. The choice of these estimators is motivated by the fact that (i) the DOLS estimator takes into account potential endogeneities among the variables, and, (ii) the PMG estimator has the advantage to provide estimates not only of the long-run parameters, but also of the short-run dynamics and the speed of adjustment to equilibrium; in addition, it allows for a degree of heterogeneity. Results of both PMG and DOLS estimations are displayed in Table 1 .
They are in accordance with the theory: an increase in the productivity differential and in government consumption as well as an improvement in the terms of trade leads to an appreciation of the equilibrium real exchange rate in the long run, while the net foreign 7 See Table A.1. in Appendix A for the presentation, definition and sources of the data. 8 The use of panel data has the distinct advantage of allowing working with small sample size in the temporal dimension -as is often the case in African countries -and thus to overcome the classic problem of low power tests in small sample. 1.262 *** 5.93 Note: ***, **, and * denote respectively significance at 1%, 5%, and 10% level. Although PMG estimator takes into account the non-stationary nature of the variables, we deliberately excluded open from the short-run dynamic in order to limit the collinearity risk in the growth equation.
asset position only impacts the equilibrium exchange rate in the short-run. The coefficient of the error-correction term, -0.311, corresponds to a half-life of approximately 3.58 years.
This value is a bit higher than those estimated by Gnimassoun (2012) and which found a coefficient of respectively -0.26 and -0.23.
Using equation (1) estimation results, we assess equilibrium exchange rate by feeding the estimated model with the permanent components of the fundamentals. We used the Hodrick-Prescott filter to decompose our fundamentals into their temporary and permanent component. We then proceed to the determination of currency misalignments, following the three pivotal equations based methodology proposed by Elbadawi et al. (2009): Let e it be the observed real exchange rate for any given country i at time t:
where F I t and β are the vector of current fundamentals and long-run coefficients. Equation (2) expresses the log of the real effective exchange rate in terms of current fundamentals and residual terms. Equation (3) specifies the log of the equilibrium real exchange rate:
F i t refers to the permanent components of the fundamentals and the bar over the variables indicates the mean over the time.
Misalignments series can be deduced from the difference between equations (2) and (3), i.e the difference between the observed values of real effective exchange rates and their equilibrium values:
Figures B.1 and B.2 in Appendix B display respectively the evolution of the real effective exchange rates (observed and equilibrium) and currency misalignments series for each considered country. In general, our results corroborate ones of previous studies (Gnimassoun, 2012; . As pointed out by , the CFA Franc was overvalued since the late 1980s and until the devaluation of 1994.
In 1993, all countries except Togo, presented important levels of overvaluation. Benin, Burkina Faso, Cote d'Ivoire, Cameroon and Senegal have overvaluation's levels above 18%. Over the period 1990-1993, a partial decrease of misalignments can be observed, which was probably due to the structural adjustment plans in place at this time in those countries. Following the devaluation that occurred in 1994, misalignments turn, in all countries, from overvaluations to undervaluations. Nevertheless, for most of the countries, this competitiveness advantage has been reduced progressively with the introduction of the euro and more particularly to 2002 when the euro begun to appreciate against third currencies and more particularly against the US dollar. Only in some CAEMC economies (Cameroon, Republic of Congo, Chad) , the appreciation of the euro has been offset by an improvement in their terms of trade and has then allowed them to record important undervaluations.
Investigating the debt channel in the misalignments-growth nexus
To investigate now the potential nonlinear effects exerted by currency misalignments on growth, we rely on a PSTR model (González et al., 2005) . With this specification, González et al. (2005) proposed an extension of the Panel Threshold Regression (PTR) models (Hansen, 1999) by allowing coefficients to vary from one regime to another, depending on the value (threshold) of a transition variable. Transition from on regime to another is ensured by a transition function which allows coefficients to change smoothly.
As we expect that the impact of currency misalignments on growth is non linear and is channeled through a competitiveness effect and a valuation effect, we consider that the transition variable is the currency misalignment and that only the coefficients of the foreign-currency denominated debt variable and the misalignments series vary depending on the sign and/or the size of the currency misalignment. Thus we consider the following PSTR model:
for i = 1, . . . , N , and t = 1, . . . , T , where N and T denote the cross-section and times dimensions of the panel, respectively. ∆y i,t is the dependent variable, the per capita GDP annual growth; µ i represent the fixed individual effects; debt i,t , is the foreign currency-denominated debt in % of GDP and M is i,t is the currency misalignment. X i,t is a k -dimensional vector of time varying control variables, and u i,t is an independent and identically distributed error term.
According to this specification, debt and currency misalignment coefficients are allowed to vary depending on the level of currency misalignment. PSTR models being regime switching models in which the transition from one regime to the other is smooth rather than discrete, the change in the estimated value of coefficients is smooth and gradual. g(M is i,t ; γ, c) is the transition function normalized to be bounded between 0 and 1 which, following Gonzalez et al. (2005) , can be specified as follows:
where γ is the slope parameter determining the smoothness of the transition, M is i,t the transition variable and c j the threshold parameters.
With m = 1 and γ → ∞, the PSTR model is equivalent to the two-regime Panel Threshold
Regression (PTR) model (see Hansen, 1999) . Indeed, the higher the slope parameter, the more abrupt the regime shift; the extreme case being when γ → ∞. 
Data and estimation results

Data
The dependent variable in our analysis is the per capita GDP annual growth. Turning to the other variables, misalignments series come from estimates of the previous section.
Following the literature on growth in developing countries (see Barro, 1991; Barro and Sala-I-Martin, 1995; Mirestean and Tsangarides, 2009 ; among others), but paying a special attention to African countries (Tsangarides, 2012) , we consider the following control variables. In accordance with the neoclassical theory, we first retain two variables: (i) human capital development through life expectancy, and (ii) population through population growth rates.
9 We also consider macroeconomic variables such as: (iii) government consumption (measured in percentage of GDP), (iv) inflation rates, (v) investment (in percentage of GDP) and (vi) external debt service (public and publicly guaranteed, as percentage of GDP); variables regarding the trade regime: (vii) openness and (viii) terms of trade. Finally, we include a measure of the external environment through (ix) the ratio aid to GDP.
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Finally, regarding the foreign currency-denominated debt, we report in Appendix A.2, details of its calculation. Given the purpose of our study, the "debt" variable to be considered is the foreign currency-denominated debt. Indeed, we expect that misalignments will impact the foreign currency-denominated debt through valuation effects. To take into account this mechanism, we then should strictly consider the foreign currency-denominated debt (except the French Franc-and euro-denominated debt) and not the external debt converted into foreign currency. We therefore built our variable of interest using the external debt stocks, public and publicly guaranteed (PPG) as percentage of GDP and its currency composition (in euro and French Franc).
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The unit root tests results of the variables are reported in Table A .3 in Appendix A.
Our results show that debt, investment (invest), terms of trade (tot) and life expectancy (life), appear to be integrated of order one (I(1)) while, population growth (pop), govern-9 We could also take into account the gross secondary-school enrollment according to the literature (see Barro (1991) among others) but this variable is not available for all countries of our sample.
10 See Table A.1. in Appendix A for the presentation, definition and sources of the data. 11 Because of data availability, we use this variable which must then be considered as a proxy of the foreign currency-denominated debt. ment expenditure (gov ), inflation (inflation), external debt service (debt service) and aid (aid ) are stationary processes (I(0)) at 5% confidence level.
The estimation relies on annual rather than 5-years averaged data, unlike in many estimations of growth equation. Indeed, even if this method presents the advantage to remove business cycles effects from the growth rate, it is costly in observations. We therefore opt for a relatively high number of degrees of freedom by using annual data.
Also, unlike usual works on growth, we do not include the initial position of the economy (initial level of real GDP per capita) since it is difficult to deal with an endogeneity issue in a nonlinear panel.
Results
Before estimating of our PSTR model, we start by testing the null hypothesis of linearity (testing homogeneity). In particular, we test whether the response of growth is different, depending on the size and the sign of the real exchange rate misalignment, identified here as the threshold variable.
As stated in the methodology section, the PSTR model can be reduced to a homogenous form model by imposing either H 0 : γ = 0 or H 0 : β 1 = 0 (see equations 5 and 6). A way to test the linearity assumption could therefore consist in testing for these last two assumptions. However, these tests are nonstandard because under either null hypothesis the PSTR model contains unidentified nuisance parameters. Indeed, c (the location parameter) is not identified under both null hypotheses, while this is the case for β 1 under H 0 and for γ under H 0 . Following Luukonnen et al. (1988) , González et al. (2005) proposed to the null hypothesis of H 0 : γ = 0 by replacing the transition function by its first-order Taylor expansion around γ = 0. After reparameterization, this test simply amounts to test a constrained model against an unconstrained model.
In Table 2 , are reported respectively in the first and in the second lines the results of this test and of the no remaining heterogeneity test. As indicated by González et al. (2005) , in addition to be a misspecification test, the latter test is a useful tool for determining the number of transitions in the model. Note: We reported tests results for our most significant specification (see Table 3 for more details). r denotes the number of transition.
Results reported in Table 2 show that the null hypothesis of linearity can be rejected at the 5% significance level. The impact of real exchange rate misalignments on growth is then nonlinear. Moreover, the results indicate a two-regime model associated with the sign of misalignments (we do not reject the null hypothesis of no remaining heterogeneity). Thus we proceed with estimating our PSTR model (equation 5).
The estimation stage consists in eliminating the individual effects by removing individualspecific means and then apply Nonlinear Least Squares (NLS) to the transformed data.
Parameter estimates are reported in Table 3 . Note: ***, **, and * denote significance at 1%, 5%, and 10% level respectively.
Our results show a nonlinear impact exerted by currency misalignments. The estimated threshold value, -0.0753, delimits the two following regimes. A first regime associated with "g(.) = 0" corresponds to undervalued currencies (undervaluation higher than 12 Some of the variables have been excluded from the final estimation since they were not significant.
7.53%
). In this case, the estimated coefficients are those reported in column "g(.) = 0".
The second regime, related to "g(.) = 1", refers to real exchange rates overvalued or slightly undervalued (i.e. less than 7.53%). In this case, the estimated coefficients of the variables subject to nonlinearities (currency misalignments and the foreign currency-denominated debt) are defined by the sum of the estimates in columns "g(.) = 0" and "g(.) = 1".
With the high value of the slope parameter, the transition between the two regimes is quite abrupt, as depicted by the transition function displayed in Figure B .3 in Appendix B.
Looking first at the control variables, all coefficients have the expected sign and are statistically significant. Investment, through its positive impact on capital accumulation, increases economic growth. Moreover this variable is one of the most significant growth determinants (the coefficient has the highest t-statistic) as emphasized by Tsangarides (2012) . Life expectancy and aid flows also appear to be positively correlated with growth.
Conversely, government consumption and the population growth hamper growth. The negative sign of government spending seems to confirm the growing consensus that consistent and increasing government presence in an economy can hinder economic growth, especially in developing countries (Rodrik, 2008; Berg and Miao, 2010; MacDonald and Vieira, 2010) . 13 In accordance with the Solow model, the population growth coefficient is also negative and significant. An increase of 1% in the population growth leads to a 0.84 decrease of the annual GDP per capita growth.
Let us turn now to our two main variables of interest. First, regarding the impact of currency misalignments on growth, we evidence a nonlinear effect depending on whether real exchange rates are strongly undervalued (more than 7.3%) or not. In the first regime (regime of strong undervaluation), the coefficient associated with the real exchange rate misalignment is positive: beyond a threshold of 7.3%, a real undervaluation has a positive impact on growth. The coefficient is equal to 0.032, meaning that, other things being equal, an undervaluation of the real exchange rate of 10% contributes for an increase in 13 Another explanation is provided by Barro (1991) who argued that government consumption introduces distortions, such as high tax rates, but does not provides an offsetting stimulus to investment and growth. Economic growth and prosperity should therefore be higher in a context dominated by private enterprises and free market. Others works on the CFA zone confirm this results pointing the lack of complementary between the public and private investment (see Nubukpo (2007) for a review of literature).
GDP per capita growth about 0.32%. Conversely, in the second regime corresponding to real exchange rates slightly undervalued or overvalued, the impact of currency misalignments is negative (-0.055).
14 Our results are then in line with the bulk of the literature in this area that tends to evidence a positive effect on growth exerted by real undervaluations and an hampered one induced by real overvaluations.
Turning finally to the impact exerted by the foreign currency-denominated debt on growth, results confirm our prediction that it depends on the sign of currency misalignments. Indeed, in the first regime (i.e. in the undervaluation regime), the impact of the foreign currency-denominated debt on growth is negative: an increase of 1% in the foreign currency-denominated debt causes, ceteris paribus, a 0.226% decrease in the GDP per capita growth. Nevertheless, this negative impact tends to decrease in the second regime (the coefficient is equal to -0.075), meaning that the lower the real undervaluation is, the lower the negative effect of the foreign currency-denominated debt on growth will be.
Overall our findings show that growth dynamics in the CFA zone countries is nonlinearly impacted by currency misalignments through two conflicting channels: a competitiveness channel and a debt channel. A real undervaluation boosts growth by improving competitiveness while, in the same time, tends to hamper it by increasing the foreign currency denominated debt.
Robustness check
To test the robustness of our results, we conduct a number of additional regressions.
First, as currency misalignments estimates are often controversial, we estimate the previous PSTR model by considering an alternative measure of misalignments. Accordingly, we rely on an alternative equilibrium exchange rate approach, the Atheoretical Permanent Equilibrium Exchange Rate (APEER) approach, as Aghion et al. (2009) and Béreau et al. (2009) . This approach consists in filtering the real effective exchange rate using a Hodrick-Prescott filter and considers the currency misalignment as the cyclical components of the series. We report in Table 4 , the results of the PSTR model estimated with 14 β 0 + β 1 = 0.032 − 0.087 = −0.055 those alternative misalignment series. Note: ***, **, and * denote significance at 1%, 5%, and 10% level respectively.
As one can note, the results go hand in hand with those of Table 3 . The estimates of our growth determinants are more or less similar. More important, the results confirm the robustness of our previous findings on nonlinearities exerted by currency misalignments.
When real exchange rates are strongly undervalued (more than 12.6%), economic growth is both boosted by a competitiveness channel and hampered by the negative impact of the foreign currency-denominated debt. Conversely, slight undervalued or overvalued real exchange rates tend to reduce economic growth while the negative impact exerted by the foreign currency-denominated debt is diminishing.
Finally, as the CFA zone countries (except Gabon) have benefited from debt relief initiatives (namely the Heavily Indebted Poor Countries, HIPC, initiative) during the 2000s, we run additional regressions in order to control for this initiative which in most cases has resulted in a decrease in the external debt. 15 Indeed, the aim of this initiative is to ensure that no poor country faces a debt burden it cannot manage, to reduce to sustainable levels the external debt burdens. In his implementation, the HIPC initiative appears more like a poverty reduction / development initiative as countries must meet specific criteria, establish and implement keys reforms to benefit from debt reliefs. 16 The debt relief (after the completion point) and especially the external debt service reduction (between the decision point and the completion point) should thereby enable to fight more effectively against poverty by allocating more resources to social spending (heath and education). The HIPC initiative can then be seen as a transfer of resources from the external debt service to social spending (in others words, an official development assistance). Accordingly, in order to control for the HIPC effects, we have added both external debt service and government consumption as explanatory variables in our initial growth equation. We have also introduced different dummy variables and interaction variables 17 to control for these effects and also to take into account changes in the macroeconomic policies in place at this time. Further details regarding these dummy variables are reported in Table A .1. Results 18 show that dummy variables are not significant, meaning that the impact of currency misalignments on the foreign currency-denominated debtgrowth relationship has not been affected by the HIPC initiative.
Conclusion
The aim of this article was to evaluate, for the CFA zone countries, the effects of real exchange rate's misalignments on growth, by distinguishing different transmission channels. More precisely, the baseline idea was to look at whether the relationship between currency misalignment and growth could be mitigated when taking into account the foreign currency-denominated debt.
Relying on a BEER approach to derive currency misalignments, and using a panel smooth transition model, we first confirmed the existence of nonlinearities in the relationship between currency misalignments and growth. We found a positive and significant relationship between undervalued real exchange rates and economic growth. On the contrary, real overvaluation negatively affects growth. In that sense, our study is in accordance with the existing literature on this subject.
But our analysis goes further by taking account not only a competitiveness channel but also a debt channel -through valuation effects -in the nonlinear relationship between currency misalignments and growth. Indeed, we have evidenced that, in the regime of undervaluation, the foreign-currency denominated debt exerts a negative impact on growth, while this impacts tends to diminish when the undervaluation decreases. We 17 Interactions between the dummies and the debt stock.
18 Available upon request to the author.
have interpreted this finding as a valuation effect reflecting the tendency of the foreign currency-denominated debt to rise with a real undervaluation. Moreover our results have proved to be robust to an alternative measure of currency misalignments and after controlling for the potential impact of the HIPC initiative.
From this perspective, our findings give a more nuanced vision of the relationship between misalignments and growth than the traditional one. Indeed, if they highlight the importance of an appropriate level of the real exchange rate, they also show that the effects of currency misalignments on economic growth are not straightforward. Currency misalignments affect growth through different transmission channels which have not yet been fully identified even if a consensus seems to emerge around some of them (i.e. export, industry, investment, capital accumulation). Undertaking studies on additional transmission channels through which misalignments can impact growth could then help in refining estimates and in drawing more nuanced conclusions regarding economic policy.
Thus, for the CFA zone countries, it seems that the positive impact of a real undervaluation on economic growth can be effective only if the improved export performance, induced by competitiveness gains, can offset the increase in the foreign currency value of the debt or if the path of the foreign currency-denominated debt is sufficiently sustainable in order to limit negative valuation effects.
A. Data appendix
A.1. Data description 
where s j$ (resp. s i$ ) is the currency j (resp. i)'s bilateral exchange rate. p j (resp. p i ) is the country j (resp. i)'s consumer price index (CPI). The variables are taken in logarithms. W ij is the weight of the currency j in the country i's real effective exchange rate and m the number of trading partners. 19 
OECD, WEO, WDI
The productivity differential (rprod ) Measured by the ratio of GDP PPP per capita in the country and the weighted average GDP per capita PPP of partner countries. The weights are the same than those used for the calculation of the real effective exchange rate. 
A.2. Debt
Variable debt in our analysis required particular attention. We built it using the external debt stocks, public and publicly guaranteed (PPG) and his currency composition (in euro and French franc). Both data are from the WDI World Bank database. The public and publicly guaranteed debt comprises long-term external obligations of public debtors, including the national government, political subdivisions (or an agency of either), and autonomous public bodies, and external obligations of private debtors that are guaranteed for repayment by a public entity. Once the series extracted, we multiplied the PPG debt stock by his foreign currency composition (more specifically, we used the euro and french franc composition). This allow us to have the stock of PPG debt denominated in foreign currency (but expressed in current $US).
We then reported it to the GDP (also expressed in current $US) in order to have the stock of PPG debt (denominated in foreign currency; except french Franc and euro) as a percentage of GDP. The formula used is as follows: B. Graphs appendix Figure B .1: REER vs. ERER Note: An increase (resp. decrease) of the real effective exchange rate indicates an appreciation (resp. depreciation). 
